BACKGROUND: Disparities in blood pressure (BP) control may be a function of disparities in treatment intensification (TI). OBJECTIVE: To examine racial differences in TI, understand modifiable factors that may mediate this relationship, and explore the relative effects of TI and race on blood pressure. DESIGN: Prospective cohort study. PARTICIPANTS: Participants were 819 black and white patients with hypertension from an urban, safety-net hospital MAIN MEASURES: We sequentially explored the effects of patient race, sociodemographic and clinical characteristics, beliefs about BP/medications, perceptions of provider/discrimination, sodium intake, medication adherence, and provider counseling on TI, performing a series of random effects analyses. To assess the effects of race and TI on BP, we performed linear regressions, using systolic BP (SBP) as the outcome. KEY RESULTS: Unadjusted analyses and those including sociodemographic and clinical characteristics revealed that black patients had less TI than whites (−0.31 vs.−0.24, p<0.001), but adjustment for patient beliefs and experiences eliminated the effects of race (β= −0.02, p=0.5). Increased patient concerns about BP medications were related to lower TI, as was more provider counseling (β=−0.06, p=0.02 and β= −0.01, p=0.001, respectively). In the unadjusted analysis, black race was a significant predictor of SBP (134 mm/Hg for blacks vs. 131 mm/Hg for whites, p= 0.009), but when both race and TI were included in the model, TI was a significant predictor of SBP (final SBP 2.0 mm/Hg lower for each additional therapy increase per 10 visits, p<0.001), while race was not (Blacks 1.6 mm/Hg higher than whites, p=0.17). CONCLUSIONS: Improved patient-provider communication targeted towards addressing patient concerns about medications may have the potential to reduce racial disparities in TI and ultimately, BP control.
BACKGROUND
Racial disparities in hypertension control and hypertensionrelated outcomes persist despite efforts to improve control and reduce disparities. [1] [2] [3] [4] [5] Approximately 34% of non-Hispanic blacks have hypertension, the highest prevalence of any racial/ethnic group. 5 Black individuals also have more severe hypertension with an earlier age of onset, compared to nonHispanic whites. 6 For these reasons, blacks have an increased rate of adverse hypertension-related health outcomes and mortality. 6, 7 Identifying contributing factors responsible for this disparity is crucial in improving health outcomes. We have only a limited understanding of the reasons why blood pressure (BP) control is worse in blacks. Increasingly, clinical inertia, the phenomenon by which providers do not always initiate or intensify therapy in response to uncontrolled BP, is recognized as a major barrier to BP control. [8] [9] [10] Treatment intensification (TI) for hypertension occurs when providers initiate and intensify therapy for patients with elevated BP. TI has been linked to improved BP control. 9, 11, 12 TI is complex and often involves discussions between patients and providers. Patient beliefs about hypertension and their medications, as well as their adherence to antihypertensive medications and their experiences with care, are likely to be critical factors in these decisions to intensify therapy. TI is best viewed as something that patients and providers accomplish in collaboration. Therefore, addressing insufficient TI is likely to involve factors related to patient-provider communication, and patients' experience of the process of care, including perceptions and experiences of discrimination. A more complete understanding of relational determinants of TI may help in designing interventions to increase TI and thus improve BP control. Few studies have examined the issue of racial disparities in TI, or whether this disparity may also explain racial disparities in BP control. 13, 14 Therefore, our objectives are to 1) explore the extent of racial disparities in TI in hypertension care, 2) elucidate the contributions of patient characteristics, beliefs and behaviors, and patient-provider interactions to racial disparities in TI, and 3) examine the relative effects of race and TI on BP control.
METHODS

Study sample
We identified all white and black patients ages 21 and older with primary care clinic visits at an urban safety-net hospital, diagnosis of hypertension, and prescribed at least one antihypertensive medication. (The term "black" includes patients of black race born in Africa, Caribbean or U.S.A.) We enrolled 869 patients, as part of a larger study, and collected baseline data on BP control and patient beliefs and attitudes about and experiences with BP care and medications. We then implemented an intervention where providers were randomized to receive an educational workshop aimed at improving communication about hypertension care. Patients were approached for participation during their regular clinic visit. After consenting, recruited participants completed a survey, and clinical information was abstracted from the medical record. 15 Of the patients enrolled in the parent study, 50 were excluded from the present analysis because they had ≤ 2 BP values, too few to characterize TI. Therefore, 819 patients with hypertension constituted our study population. This study was approved by our Institutional Review board.
Measures
Independent Variables.
Sociodemographic and Clinical Characteristics. Patient sociodemographic characteristics including race, education and income were obtained through self-report. Patients' clinical data was extracted from the electronic medical record (EMR), including age, gender, height, weight, number of BP medications and diagnosis of hypertension. The EMR was also used to obtain diagnoses of comorbid conditions which pertain to hypertension management, including benign prostatic hypertrophy, cerebrovascular disease, chronic kidney disease, congestive heart failure, coronary artery disease, diabetes mellitus, hyperlipidemia, nicotine dependence, obesity, and peripheral vascular disease. 6 A patient was considered obese if s/he had either a diagnosis of obesity in the EMR or a body mass index of at least 30.
Health Beliefs and Illness Perceptions. We examined patient beliefs and perceptions about high BP and antihypertensive medications, using the Beliefs about Medicines Questionnaire (BMQ-specific). The BMQ-specific includes ten items to evaluate patients' concerns about potential adverse effects from their BP medications and eight items to measure patients' beliefs regarding the necessity of their medications (five point scale ranging from Strongly Agree to Strongly Disagree). 16, 17 Scores were summed within each of these scales to create an overall scale score ('necessity' scale alpha=0.81 and 'concerns' scale alpha=0.80). Each score was divided by the number of items to obtain a mean summary score, where a higher number indicated either greater concerns about or beliefs in the necessity of medications. Scale scores were created only if 75% of the items were answered.
To assess the degree of seriousness with which patients perceived hypertension and its sequellae, we utilized four additional items (Table 2 ; ranging from "extremely serious" to "not at all serious"). We used five separate dichotomous items to assess patients' beliefs about BP medications. These items were first created and utilized in our prior work with a similar patient population. 18 We included ten items from the "cause" scale of the Illness Perception Questionnaire. These items were analyzed separately to examine patients' subjective beliefs about the etiology of their high BP (five point scale ranging from Strongly Agree to Strongly Disagree). 19 Perceptions of Provider and Experiences of Discrimination. To assess patients' perceptions of their providers, we used three items from the Commonwealth Fund 2001 Health Care Quality Survey 20 . We created an additional question about the patients' perception of their providers' understanding of their cultural background and how it affects their health. Each item was scored individually.
To measure perceived discrimination in health care, we included the seven item measure developed by Bird and Bogart, 21 creating a dichotomous variable for anyone who answered 'yes' to any question compared to patients who responded 'no' to all questions.
Sodium Intake. Because dietary sodium is an important contributor to BP, we assessed patients' sodium intake using the three-item subscale within the previously validated HillBone Compliance to High Blood Pressure Therapy Scale, with responses ranging on a four point Likert scale from "None of the time" to "All of the time", 22 summing the items to create one sodium intake score.
Medication Adherence. We assessed medication adherence because better adherence to antihypertensive medications is associated with improved BP control. Patients used an electronic recording device (MEMS cap), that recorded each time a patient opened the medication bottle to take his/her BP medication, for approximately 90 days following their enrollment into the study. We calculated the proportion of days in this period on which the patient took at least the number of doses prescribed. We used this data to categorize patients as having "poor adherence" (defined as less than 50% adherent), "fair adherence" (50-80% adherent), "excellent adherence" (greater than 80% adherent), or having missing MEMS cap data.
Provider Counseling. We assessed the content of the patientprovider discussion regarding hypertension care and management, following earlier work from Kressin and Pbert.
18,23
We included a series of 12 dichotomous items that assessed whether or not the provider asked or advised patients about various issues related to antihypertensive medication adherence.
We summed the items from this measure to create a summary scale score, where higher scores indicate more discussion of hypertension related issues. Scale scores were created only if 75% of the items were answered (alpha=0.86).
Dependent Variable.
Treatment Intensification. TI was our main dependent variable. One author (AJR) performed a manual chart review to measure TI scores. A subset of patients, representing 5% of all clinic visits, were randomly selected for blind reabstraction by another author (DRB). Agreement between the reviewers was good (k=0.93 (95% CI, 0.87 to 0.98)). 15 We used the following formula to measure TI: (visits with medication changes-visits with elevated BP) / number of clinic visits. 12, 15 A TI score of zero signifies that treatment was intensified once for each visit with elevated BP. A score greater than zero signifies that treatment was intensified at more visits than there were visits with elevated BP, while a score less than zero signifies that there were more visits with elevated BP than episodes of TI. A unit of 0.1 on this scale indicates one more or less TI than expected per 10 visits. This definition of TI, known as the Standard-Based method, is the preferred measurement of TI in hypertension care. 15 The expected number of medication increases was the number of occasions on which the recorded BP was elevated, defined as 140/90 mm/Hg or higher. BP values were taken from the medical record at the clinic visit. In prior work using this data set, we found that using the threshold of >= 130/80 for uncontrolled BP, for patients with diabetes or chronic kidney disease, yielded similar results as using the same threshold (>= 140/90) for all patients. 15 Therefore, we used the single threshold of >= 140/90 mm/Hg for all patients in our sample. TI for each subject was calculated using BP values from visits between their respective dates of enrollment until December 2007.
Statistical Analyses. We first assessed distributions for each variable by racial group, performing univariate analyses (ttests and chi-square, as appropriate). Next, we investigated the effect of race upon TI with and without controlling for patientlevel covariates. In these analyses, we used random effects analyses to account for clustering of patients-within-providers. Our multivariate model also included patient race, age, gender, education level, income, number of BP medications and comorbid conditions. For the final model, we added the variables for health beliefs and illness perceptions, perceptions of providers and experiences of discrimination, medication adherence, sodium intake, and provider counseling, keeping only variables that had been significant at the p ≤ 0.10 level in Model 2. We also performed these regressions without eliminating any variables and found similar results.
To assess the effects of race and TI score on BP, we performed two linear regressions, using systolic BP (SBP) (at the final clinic visit) as the dependent variable. Because uncontrolled BP is mostly a problem of poorly controlled SBP, we used this as our outcome (supplemental analyses found that there were only 166 (1.3%) visits in which patients had a SBP greater than or equal to 140 and diastolic BP less than or equal to 60). 24 The first model included only patient race and the second model also included TI score. All analyses were conducted using SAS 9.1.3 (SAS Institute, Cary, NC).
RESULTS
Black patients were significantly younger, more likely to be female, less educated, had a lower income, prescribed more BP medications compared to white patients, and were more likely to have diabetes, chronic kidney disease, congestive heart failure, and obesity ( In the bivariate analyses, important racial differences were noted with regard to almost every hypertension-related belief that we examined, with blacks having less accurate or more negative perceptions (Table 2 ). For example, black patients were more likely to report that a germ or virus, chance, other people, and poor medical care in the past contributed to causing their high BP. While all patients generally agreed that their provider understood their background and values, black patients agreed less strongly (p=0.03). Also, while all patients disagreed that their provider looks down on them and the way they live their life, white patients disagreed more strongly (p< 0.001). Blacks were more likely to have missing adherence data, generally due to failure to return MEMS caps. They were also more likely to have fair or poor adherence and less likely to have excellent adherence. Black patients reported more provider counseling about BP (7.2 vs. 5.7, p<0.001), and were much more likely to report at least one experience of discrimination in the health care setting than whites (29% vs. 8%, p<0.001). Finally, black patients had significantly higher baseline and final systolic BP compared to whites (135.1 mm/Hg vs. 131.4 mm/Hg, p<0.01; 134.2 mm/Hg vs. 131.0 mm/Hg, p=0.009, respectively).
In unadjusted analyses, black patients had less TI than whites, equivalent to approximately one fewer therapy increase per 14 clinic visits (−0.31 vs.−0.24, p<0.001) ( Table 2) . After including patient sociodemographic variables and clinical characteristics in our regression model, black patients had significantly lower TI, equivalent to approximately one fewer therapy increase per 17 clinic visits (Model 2, β=−0.06, p=0.01; Table 3 ). In the final model, after adding patient beliefs, perceptions of provider, experiences of discrimination, sodium intake, provider counseling and medication adherence, race was no longer a significant predictor of TI (Model 3, β=−0.02, p=0.5).
This final model revealed several determinants of TI. Patients with hyperlipidemia had increased TI, equivalent to approximately one more therapy increase per 13 clinic visits (β=0.08, p<0.001). Increased patient concerns about BP medications and more provider counseling were each related to lower TI, equivalent to approximately one fewer therapy increase per 17 clinic visits for each unit increase on the concerns scale and one less therapy increase per 100 visits for each unit increase on the provider counseling scale (β=−0.06, p=0.02 and β =−0.01, p= 0.001, respectively). Two marginally significant findings indicated that more BP medications were associated with reduced TI (β=−0.02, p=0.054) and more disagreement with the item about feeling one's provider looks down on them was associated with increased TI (β=0.04, p=0.05).
To assess the effects of race and TI on BP, we performed two linear regressions, using the final systolic BP as the outcome. When race was examined alone as a predictor, black patients had a higher final systolic BP (134 mm/Hg for blacks vs.
131 mm/Hg for whites, p=0.009; Table 2 ). In a model containing race and TI as independent variables, TI was a significant predictor of final BP (final SBP 2.0 mm/Hg lower for each additional therapy increase per 10 visits, p<0.001; Table 4 ), but race was no longer significant (blacks 1.6 mm/Hg higher than whites, p=0.17). 
DISCUSSION
In this effort to understand racial disparities in BP control, we found that black patients had significantly lower rates of TI compared to whites, even after accounting for differences in their clinical and sociodemographic status. However, racial disparities in TI were explained by the inclusion of patient characteristics, health beliefs, and provider counseling. This finding differs from prior work finding that African Americans were treated more intensively for their hypertension, 14,25 but which did not account for patient health beliefs or interactions with providers. One study defined TI as the number of classes of BP medications, 14 a measure which is likely to be confounded by disease severity. 15 In our study, having hyperlipidemia was the only significant predictor of increased TI. Patient concerns about BP medications and more provider counseling were associated with reduced TI, suggesting that providers may hesitate to intensify treatment when patients express concerns, or that providers may substitute counseling for TI. This conclusion is consistent with other findings indicating that more discussion between providers and patients about medication issues was associated with a lower likelihood of changing treatment. 26 Patient concerns may be related to being on an increased number of BP medications or lack of trust in providers whom patients may feel look down on them. The racial differences in BP control in our sample suggest that substituting counseling for TI is not an effective strategy to minimize disparities in BP control. Black patients had a higher systolic BP in unadjusted analyses, but this effect was much attenuated and no longer significant after controlling for TI, suggesting that increasing TI may help to resolve disparities in uncontrolled BP. This notion is partly consistent with prior findings that TI was associated with increased odds of having controlled BP; however, in that study, no interactions were found between race and TI. 13 Our results add to this literature by revealing determinants of TI by race and demonstrating that patient concerns and beliefs about BP and provider counseling are associated with differential rates of TI, and thus are a target for intervention, along with increasing provider awareness about intensifying hypertension therapy. Our findings should be interpreted within the limitations of our study. As part of the parent study, a subset of providers received an educational intervention, which may have affected provider-patient communication and, in turn, patient beliefs about BP medication. However, our analyses adjusted for nesting of patients-within-providers and thus controlled for differential practice styles that may have been associated with providers' exposure to the intervention. In addition, separate analyses indicated no significant effect of the intervention on counseling or BP (not shown). Our sample is comprised of only white and black patients receiving care at a single urban, safety-net hospital and our findings may therefore not be generalizable to other populations. We do not have information about provider attitudes and beliefs, which have also been shown to also be a key factor in clinical inertia. 26, 27 Again, our analysis may account for some of this variability, but not all. Disparities in hypertension control can be minimized by identifying and addressing modifiable factors that contribute to these differential rates in health outcomes. This study found that patient concerns about antihypertensive medications play a significant role in reducing necessary TI. These results provide some support for a model to explain disparities in BP outcomes. In this model, race contributes to racial differences in beliefs and experiences, which contributes to racial differences in TI, which contributes to racial differences in BP control. Future qualitative research to determine the causes of concerns about BP medications and how those concerns impact TI may be helpful. 28 Such findings could be incorporated into a patient or provider intervention, to help address patient concerns about BP medication. In the ongoing struggle to diminish racial disparities in health outcomes, this study offers insight to potential targets for interventions. Improved patient-provider communication and patient health education may have the potential to reduce racial disparities in TI and ultimately, BP control. 
